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Abstract

Here, we evaluated innate and adaptive immune system cytokine responses induced by HPV-16 L1 VLP in whole blood (WB) cultures from
individuals receiving the vaccina € 20) or placebor{=4) before and after vaccination. 11 cytokines were measured3|ILL12, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12, IFN-vy, TNF-«, and GM-CSF using multiplex bead arrays. Cytokine profiles from WB samples clearly discriminated
between vaccine and placebo recipients and between pre and post-vaccination responses. Significant increases in Th1l, Th2 and inflammator
cytokines were observed in WB assays following vaccination. Results from WB assays were compared against parallel PBMC-based assays
in a subset of patients. Differences between whole blood assay and PBMC were observed, with the highest levels of induction found for WB
for several cytokines. Our results indicate that multiplex assays for cytokine profiling in WB are an efficient tool for assessing broad spectrum,
innate and adaptive immune responses to vaccines and identifying immunologic correlates of protection in efficacy studies.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction and induced high serum antibody titers (40-fold higher than
titers seen following natural infection) as well as cell medi-
Avaccine that prevents persistent HPV-16 infection could ated immune responses, including T cell proliferative (CD4
substantially reduce the incidence of cervical cancer and itsand CD8) and cytokine responsgs-10]. Furthermore, a
precursors. One candidate prophylactic HPV vaccine utilizes recent proof of principle HPV16 L1 VLP efficacy trial has
virus-like particles (VLPs), which are empty non-infectious shown excellent protection against persistent HPV16 infec-
viral capsids that structurally mimic the outer shell of the tion suggesting thatimmunization with HPV 16 L1 VLP may
virion [1-4]. In animal papillomavirus models, systemic reduce the risk of cervical cancgrl]. Protection is likely
immunization with L1 VLPs can induce high titers of neu- conferred by the generation of high levels of neutralizing an-
tralizing antibodies that confer protection against high-dose tibodies. However, the possible role of T-cell responses and
experimental papillomavirus challenff&6]. Intramuscular the involvement of T-cells in mediating production of neutral-
vaccination with L1 VLPs in humans has been well tolerated izing antibodies and antiviral effect are poorly understood.
Cytokine profiling, as a measure of T cell responses, may
* Corresponding author. Tel.: +1 301 846 1766: fax: +1 301 846 6954,  Offer insights into mechanisms of protection against disease
E-mail addresslpinto@ncifcrf.gov (L.A. Pinto). and help explain the consistently strong antibody responses
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induced by the vaccine. We and others have found that vacci-to one of two groups to receive p@ L1 HPV-16 vaccine
nation with L1 VLP in humans was associated with increases (n=20) or placebor{=4), 0.5 ml of sterile saline solution.
in ex-vivo production of Th1 (IFNy) and Th2 type cytokines  Subjects received vaccine or placebo intramuscularly into
(IL-5, IL-10) by peripheral blood leukocytes stimulated in the deltoid at O, 1, and 6 months. Subjects were evaluated
vitro with the vaccing8-10]. However, the complete spec- clinically and blood specimens were collected for immuno-
trum of cell-mediated responses has not been characterizedlogic assays prior to the initial vaccination (month 0) and 1
Whole blood assays provide a simple tool for assessing month following each boost vaccination (months 2 and 7).
immune cytokine profiles. These assays have previously All vaccine recipients were monitored for clinical signs and
been used to assess the immune status of individualssymptoms for 7 days after each vaccination. The vaccine was
with various conditiond12—-18] These studies have used well tolerated and induced high levels of antibodies, as re-
conventional techniques of cytokine determination, such ported inthe previoustri§¥]. The protocol for this study was
as enzyme-linked immunosorbent assays (ELISA), which approved by the The John Hopkins University Institutional
generally require large quantities of cells and supernatantReview Board. The blood specimens earmarked for cytokine
to characterize cytokine profiles. Recently, new fluorescent- assays were shipped fresh to the monitoring laboratory for
bead-based techniques have been developed to allow thgrocessing and testing.
measurement of multiple cytokines in a single assay using
limited amounts of material. The multiplex cytokine assays 2.2. HPV-16 L1 VLP vaccine
provide a unique system for the investigation of the roles of
different cytokines in various pathologic staf&9—24] Recombinant human papillomavirus (HPV) type 16 L1
Whole blood cytokine induction assays combined with virus-like particles (VLPs) expressed in the baculovirus sys-
the multiplex cytokine detection technology allow evaluation tem were used to investigate the cellular immune response
of innate and adaptive cytokine responses in a single assayto VLP vaccination. HPV-16 L1 VLPs were expressed in
through quantitation of inflammatory, Thl and Th2 type baculovirus-infected Sf9 insect cells (Novavax, Rockville,
cytokines. These assays have not been previously used foMD). Production of clinical lots of recombinant HPV-16
monitoring of cytokine responses to vaccines but they have L1 VLP vaccines was performed in accordance with GMP
potential for use in the field as immune monitoring assays, guidelines at the vaccine production facility of Novavax, Inc.,
since they require small volumes of blood, basic laboratory as previously reporteff]. Formulated VLPs from a single
facilities, are characterized by few preparation artifacts and, lot were dispensed aseptically into sterile vials (3.0-ml size,
deliver standardized performance. This might be of special type 1 borosilicate glass, silanized, depyrogenated; Wheaton
interest for large-scale immuno-epidemiological vaccine Glass, Wheaton, MD) as a single-unit dose and were des-
studies in which cell isolation may be difficult to accomplish. ignated final container vials. Vials containing VLP antigen
The goals of the current study were: (1) to better charac- were stored at-80°C and thawed immediately preceding
terize the innate and acquired immune system cytokine re-administration.
sponses elicited by L1 VLP vaccination; (2) to assess whether
an ex-vivo whole blood cytokine induction assay would allow 2.3. Whole blood cytokine induction assay
identification of vaccine responders by discrimination of cy-
tokine profiles between placebo and vaccine recipients before  Heparinized blood was collected from 20 vaccine and 4
and after vaccination; and (3) to compare cytokine responsesplacebo recipients at month 0, 2, and 7. Freshly collected
to L1 VLP in whole blood with responses in PBMC. blood (within 4 h) was cultured undiluted (1 ml) in the pres-
ence of media alone (control cultures), HPV-16 L1 VLP
(10 and g/ml, Novavax) and phytohaemagglutinin (PHA

2. Materials and methods 2pg/ml, Sigma, St. Louis, MO, USA), for 24 h at 3T in
a 5% CQ-incubator in tissue culture tubes. Cells were then
2.1. Study design removed by centrifugation and supernatants were collected

and stored at-20°C until cytokine testing was performed.

A double-blind, randomized, placebo-controlled trial of
the L1 HPV-16 VLP vaccine without adjuvant was con- 2.4. Mononuclear cells cytokine induction assay
ducted, in 24 healthy, HIV-seronegative adult female volun-
teers 18-25 years of age. This group of 24 women consisted PBMC were isolated from heparinized whole blood by
of a subset of participants in a larger program designed to density gradient centrifugatiof25]. Isolated PBMC were
examine the safety and immunogenicity of the L1 HPV-16 cryopreserved for future testing in RPMI-1640 (Gibco, In-
VLP vaccine. Subjects determined by sexual history to be vitrogen Life Technologies, Carlsbad, CA) supplemented
at low risk for HPV16 exposure were enrolled at The John with penicillin-streptomycin (10Q.g/ml-100 U/ml, Gibco),
Hopkins University Center for Immunization Research (Bal- Glutamine (2 mM), HEPES buffer (10 mM), 20% FCS (Hy-
timore, MD). Based on previous resulfg], a 50ung dose clone) and 7.5% DMSO (Sigma). Cryopreserved PBMC from
without adjuvant was used. Women were randomly assignedsix vaccine recipients for which cells were available and
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for whom whole blood cultures had also been set up were (ELISA) as previously describgd]. Four-fold dilutions of
thawed and utilized for cytokine induction assays. PBMC each serum were assayed starting at dilution of 10. The an-
(at a final concentration of 16 10°/ml) were incubated in tibody titers were given as the reciprocals of the highest di-
the absence or presence of PHAW@mI), Influenza virus lution showing positive reactivity in each assay. Sera were
(Flu, 1:100), L1 HPV-16 VLP (10, 2.5, andplg/ml) for designated ELISA positive at a given dilution if the absolute
3 days at 37C and 6% CQ in RPMI-1640 supplemented optical density was greater than or equal to 0.2 and was at
with penicillin/streptomycin (10Q.g/ml/100 U/ml), Glu- least double the reactivity of the same serum dilution in a
tamine (2mM) and HEPES buffer (10 mM) and 10% FCS. well containing blocking buffer but no VLP. Median anti-
Cell free supernatants were harvested and frozer2@t C. body titers prior to vaccination in vaccine recipiens=20)
A Sf-9/baculovirus insect cell lysate (Qub/ml, Novavax) were 0 (range 0-160). Following vaccination, median an-
was used as a control antigen in the PBMC cytokine induction tibody levels were 2560 at months 2 and 7 (with ranges of
assays. Stocks of VLP preparations were provided by the vac-640-10240 and 640-20480, respectively). Only one of the 20
cine manufacturer at a concentration of 1.0 mg/ml. The purity vaccine recipients was seropositive at entry with an antibody
ofthe HPV-16 VLPs was >96% as determined by SDS-PAGE. titer of 160. Median antibody titers in placebo recipients at
enrolment were 0 (range 0-640). At months 2 and 7, median
2.5. Cytokine determinations antibody titers were 0 (range 0—640 and 0—160, respectively).
Supernatants from the whole blood and PBMC cytokine 2.7. Statistical analysis
induction assays were thawed and tested in duplicate wells

for the following 11 cytokines: IL-18, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12, IFN-y, TNF-«, and GM-CSF, using
multiplex kits (Linco Research, St. Louis, MO) following

The nonparametric Kruskal-Wallis or Mann—Whitney test
was used to determine statistical differences for in vitro cy-
tokine production between different culturing conditions for

manufacturers’ instructions. In brief, the assay is based the same cellular preparation (PBMCs or whole blood) and
on conventional sandwich assay technology. The antibody between PBMCs versus whole blood for the same culturing
specific to each cytokine is covalently coupled to Luminex conditions for a given time point. A nonparametric test for
microspheres, with each antibody coupled to a different trend was used to test for time trends for in vitro cytokine pro-
microsphere uniquely labeled with a fluorescent dye. The duction by either PBMCs or whole blood within a treatment
microspheres are incubated with standards, controls, andgroup (vaccine or placebo) for a given culturing condition. A
samples (2%.l) in a 96-well microtiter filter plate for 1h  nonparametric test for trend was also used to test for trends
at room temperature. The plate is then washed to removein cytokine responses to differing amounts of VLP (0, 1, and
excess reagents, and biotin-labeled detection antibody, in thelOug) for agiven cell preparation at a given time point. To de-
form of a mixture containing each of the eleven antibodies, termine the relationships between differentimmune markers,
is added. After a 30-min incubation at room tempera- we used Spearman rank correlation for continuous values. A
ture, streptavidin—phycoerythrin conjugate is added for an p value <0.05 was considered significant.

additional 30 min. After a final wash step, the beads are resus-

pended in buffer and read on the Bioplex Instrument (Biorad,

Hercules, CA) to determine the concentration of the cytokines 3- Results

of interest. All specimens were tested in replicate wells.

Results were reported as the mean of the replicates. Dataanal3-1. Cytokine production in response to L1 VLP in

ysis was performed using Bioplex Manager software v 2.0. A Whole blood following vaccination

five parameter logistic curve fit was applied to each standard

curve and sample concentrations were interpolated from The cytokine profiles of in vitro activated whole blood
the standard curve. The lower levels of detection for all the from HPV-16 L1 VLP vacciner{=20) and placebon(=4)
cytokines were 3.2 pg/ml. In this analysis, specimens with in- recipients were measuretiable 1presents the median and
dividual cytokine levels below the lower detection limit were mean cytokine levels in pg/ml in whole blood supernatants
arbitrarily assigned a value of 1/2 of this value (1.6 pg/ml, from unstimulated (media) cultures and cultures stimulated
respectively) for that cytokine. A plasma/serum matrix sup- WithL1VLP (at10and 1.¢rg/ml) orapositive control (PHA)
p||ed by Linco was used when p|asma Samp|es were tested_’[ested at month 0, 2and 7 (before first immunization and
To simplify presentation, cytokines were grouped into three 1 month following second and third immunizationg)g. 1

categories: Thi type (IL-2, TNE; IFN-y, GM-CSF), Th2 (panels A—D) compares the responses of whole blood cultures
type (IL-4, IL-5, IL-6, IL-10) or inflammatory (IL-B, IL-8). from vaccine and placebo recipients to these different stim-

uli. Vaccination with L1 VLP induced an overall increase in
cytokine production by whole blood in response to L1 VLP.
Stimulation of cells from vaccine recipients with L1 VLP
Presence of serum IgG specific antibodies against HPV-16(10pg/ml) induced significant increases in the median lev-
VLPs was assessed by enzyme-linked immunosorbent assay§!s of inflammatory (IL-B, IL-8), as well as Th1 (IL-2 and

2.6. HPV-16 serology



Table 1
Cytokine production by whole blood cultures stimulated with L1 VLP (10 apd/inl) PHA and media control in vaccine and placebo recipients
Cytokine  Time Media L1 10ug L11ng PHA

(monthy Vaccine Placebo Vaccine Placebo Vaccine Placebo Vaccine Placebo

Median Mean p Median Mean p Median Mean p Median Mean p Median Mean p Median Mean p Median Mean p Median Mean p

IL-2 0 16 18 16 16 25 7.0 26 34 16 32 16 27 3719 4152 5566 6074

2 16 17 16 16 1173 1213 16 23 164 189 16 16 4445 4299 7341 7028

7 16 19 NS 16 16 NS 1300 1783 <0.001 26 29 NS 160 326 <0.001 16 27 NS 3090 3697 NS 9877 9526 NS
IFN-y 0 25 4.4 16 49 36 5.2 37 5.8 37 4.0 29 57 2504 3116 5695 5717

2 25 40 16 50 263 279 24 5.2 4.9 6.3 16 57 2726 3130 6731 7663

7 16 45 NS 16 56 NS 242 446 <0.001 16 49 NS 79 76 0.04 16 61 NS 2115 2575 NS 7653 11187 NS
TNF-o 0 36 38 26 29 37 6.4 4.0 108 35 51 32 32 1359 1606 4660 3952

2 33 32 26 28 158 573 16 23 47 7.6 27 34 1278 1544 4220 4306

7 16 33 NS 35 32 NS 179 568 <0.001 27 29 NS 58 1340 NS 39 35 NS 726 1547 NS 6030 5865 NS
IL-12 0 16 27 16 20 16 2.7 16 16 16 26 16 22 16 31 34 30

2 16 25 16 16 16 25 16 20 16 26 16 21 16 28 28 31

7 16 27 NS 16 24 NS 16 24 NS 16 21 NS 16 27 NS 16 26 NS 16 28 NS 24 33 NS
GM-CSF 0 16 24 16 22 16 25 16 23 16 22 16 22 282 272 460 881

2 16 20 16 20 72 86 16 21 16 24 16 22 323 360 443 1038

7 16 23 NS 16 16 NS 112 122 <0.001 16 16 NS 16 56 0.03 16 16 NS 267 304 NS 1018 1670 NS
IL-4 0 8.9 276 27 58 106 271 42 6.4 94 264 33 59 815 916 913 836

2 83 272 24 51 266 421 25 57 103 294 16 5.4 825 947 1138 1084

7 102 278 NS 28 50 NS 435 605 0.002 32 50 NS 216 338 NS 26 50 NS 885 912 NS 1704 1706 NS
IL-5 0 16 20 16 16 16 21 16 16 16 20 16 16 38 46 16 33

2 16 21 16 16 16 31 16 16 16 17 16 16 43 53 16 41

7 16 20 NS 16 16 NS 16 6.1 0.007 16 16 NS 16 28 NS 16 16 NS 16 48 NS 57 159 NS
IL-6 0 25.9 364 215 175 449 1340 309 1119 369 679 219 230 8518 12230 21847 25641

2 238 421 241 290 11357 24863 326 845 1045 6367 166 495 8789 14399 24135 31734

7 214 1288 NS 133 143 NS 5120 18700 <0.001 119 146 NS 3027 13428 <0.001 18 127 NS 6549 12287 NS 27512 31768 NS
IL-10 0 16 43 16 20 38 51 27 29 26 43 27 30 2130 2347 1496 4054

2 16 32 16 22 167 235 16 23 6.1 100 26 28 1725 2231 2693 3369

7 16 46 NS 25 25 NS 241 505 <0.001 16 20 NS 146 247 <0.001 16 22 NS 1812 3033 NS 4683 4916 NS
IL-1B 0 40 35 43 36 37 438 57 5.7 35 34 45 47 304 443 2011 2216

2 36 39 26 27 201 458 43 4.6 6.5 102 36 33 318 594 1879 1852

7 25 44 NS 25 27 NS 126 399 0.001 25 27 NS 62 1453 0.005 26 31 NS 256 619 NS 2432 2340 NS
IL-8 0 5598 7830 5117 6315 8728 17754 7347 10526 6445 10977 7960 8978 44614 52952 61271 67879

2 5558 9537 5606 5491 89178 74104 6231 8765 27083 38268 4554 6790 59495 60842 81399 77568

7 4631 10119 NS 3472 4180 NS 75793 70583 <0.001 55@ 6491 NS 37690 45719 <0.001 468 5283 NS 37993 51805 NS 765% 76757 NS

All cytokine levels expressed in pg/ml determined as indicated in Se2tiBfeng, a non-parametric test for trend was used to examine time trends in cytokine production for each culturing condition.
2 Time post firstimmunization.
b NS = Non significanp>0.05.
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IFN-y, TNF«, GM-CSF) and Th2 type (IL-4, IL-6, and fold at months 2 and 7). Some L1 VLP recipients showed
IL-10) cytokines Table 1, Fig. 1A). These results suggest small increases for IL-5 and IL-12 production (in 9/20 and
that a recall response to L1 VLP vaccine comprises activa- 4/20 recipients, respectively) in response to L1 VLP follow-
tion of innate and adaptive immune responses. The highesting vaccination.
increment in cytokine response for whole blood cultures  Similar patterns of cytokine production to the ones seen
from vaccinated women relative to month O (baseline) was in response to L1 VLP at 10g/ml were observed when L1
observed following the injection of the second dose of VLPwastestedat1,0g/ml(Fig. 1B, Table ), butthe magni-
vaccine at month 2 for all the cytokines measured. Further tude of increase of cytokine production following vaccination
increases following the third vaccination were seen for IL-2, was much smaller, although still statistically significant for
TNF-a, GM-CSF, IL-4, IL-10, and GM-CSF, but these most cytokines, when compared to pre-vaccination levels. In
increases were mostly small and non-significarabe 1 contrast to the vaccination-specific increase in median GM-
Fig. 1A). CSF production in response to thed@/ml L1 VLP dose, no
Overall, the greatest relative increases in cytokine re- changes for median levels of this cytokine were observed in
sponses in whole blood cultures following vaccination were response to L1 VLP tested at Ju@/ml. Also, increases that
seenforlL-2 (47 and 52-fold at months 2 and 7, respectively), did not reach statistical significance were found for T&F-
IL-6 (26- and 11-fold at months 2 and 7), and IL-8 (10- and 9- and IL-4, when VLP was tested aph/ml.
fold at month 2 and month 7), followed by GM-CSF (five- and No significant increases in median cytokine levels pro-
seven-fold at months 2 and 7), IFN(seven-fold at months  duced in response to L1 VLP stimulation were observed
2 and 7) and IL-10 (four- and six- fold at months 2 and 7), among the placebo recipients at months 2 and 7 relative
TNF-« (four- and five-fold at months 2 and 7), ILB3(five to month 0 p>0.05) (Table 1 Fig. 1A-D). No statistically
and three-fold at months 2 and 7) and IL-4 (three- and four- significant increases in cytokine responses to PH4.(1C),

10000.0 10000.0
HPV 10 ¥ Vaccinated HPV 1.0 ¥ Vaccinated
B Placebo-Treated @ Placebo-Treated
. 1000.0 1000.0
£ =
2 5
2 1000 2 100.0
o -
c @
= £
g2 100 < 100
3 e
Q
1.0-E 1.0EE
(A) (B) v
Thi Th2 Inflammatory
10000.0 1000.0
PHA Waccinated Media 1 Vaccinated
3 Placebo-Treated & Placebo-Treated
~ 1000.0 ‘—E
£ 7 £ 100.0
= o
o o
2 1000 3
2 £ .
g / ] f‘g 10.0
2 100 - ] >
1.0 [ q i R 1.0 E Jl " |
......... FEEEEFPFPREER $d8d81¢ | | PEPP
- - -a | L - - - 2 - A IL-2 | IFN-g | TNF-a - - - - 3
- A
~
() Inflammatory (D) Thi Th2 Inflammatory

Fig. 1. Whole blood cytokine responses to HPV-16 L1 VLP tested in vitro either @ga8l (A) or 1p.g/ml (B), PHA (C), and unstimulated, media control

(D) in a total of 20 vaccine (filled bars) and four placebo (hatched bars) recipients. Results are presented as median cytokine levels in pg/mésVaccine
administered at 0, 1, and 6 months. Whole blood collected at 0, 2, and 7 months (before and 1 month following second and third immunization) wds stimulat
for 24 h in the absence or presence of L1 VLP or PHA. Supernatants were collected and tested for cytokine content using multiplex cytokine analysis, as
described in Sectio. Cytokines were divided in three categories (Th1, Th2 type and inflammatory) for simplicity of presentation. A non-parametric test of
trend was used to examine time trends in cytokine production for each in vitro culturing condition.
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Fig. 2. PBMC cytokine responses to HPV-16 L1 VLP at 10 puigIml (A), media control (unstimulated cultures) or PHA stimulated cultures (B), and influenza

virus or baculovirus lysate (C) in six vaccine recipients. PBMC were stimulated for three days in vitro in the absence or presence of each of dise stimuli
described in SectioR. Supernatants were collected and tested for cytokine content using multiplex cytokine analysis. Results are expressed as median cytokine
levels (pg/ml).

in vaccine or placebo recipients following vaccination, cytokine production by VLP, independently of vaccination
were detected when compared to pre-vaccination respon-[26-28]
ses.
As shown inFig. 1D, spontaneous secretion of cytokines 3.2. Correlations between cytokines induced by L1 VLP
in the absence of any stimuli (media control) did not show following vaccination in whole blood
any significant increases following vaccination. Cytokine
levels in unstimulated cultures were negligible at month  Analysis of correlations between cytokines produced in
0 in both vaccine and placebo recipients, with the excep- response to L1 VLP following vaccination at months 2 and
tion of IL-4 (8.9 pg/ml for vaccine recipient), IL-6 (25.9 7 in vaccine recipients revealed poor correlation between the
and 21.5 pg/ml for vaccine and placebo recipients) and IL-8 majority of the 11 markers evaluated (85 and 78% of the cor-
(559.8 and 511.7 pg/ml for vaccine and placebo recipients) relations at L1 VLP concentrations of 1 and i, respec-
(Table J). tively, ranging from—0.40 to 0.40). The largest (Spearman
Stimulation of whole blood collected prior to vaccination correlation > 0.60) and most significant correlations observed
(n=24, vaccine and placebo groups combined) with increas- included the correlation between IL-10/TNF-{r =0.78,
ing dosesof LLVLP (0, 1, and }0g/ml) resulted inincreases p<0.0001) and IL-10/IL-6(=0.72,p<0.0001) when VLP
that were not statistically significant in the production of IL- was tested at jLg/ml. At 10pg/ml, the largest (Spearman
6 (median levels of 23.2, 32.7, and 39.8 pg/ml, respectively; correlation >0.60) and most significant correlation was found
Prreng=0.07) and IL-8 (median levels of 559.8, 644.5, and between IFN/IL-2 (r =0.63,p<0.0001). No significant cor-
817.8 pg/ml, respectivel\P1eng=0.05). These results sup- relations (ranging from-0.26 to 0.29) were observed be-
port previous studies that showed induction of inflammatory tween cytokine and anti-HPV16 VLP antibody responses.
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3.3. Comparison between cytokine responses to L1 VLP  from vaccine recipients following vaccination. Interestingly,
in whole blood and isolated PBMC PBMC assays showed increases in IL-5 production in
response to L1 VLP, which were not detectable in whole
We and others have previously reported that L1 VLP blood assaysHig. 2A). Similar results were found when L1
vaccination is associated with increases in ifNE-10, and VLP was used in vitro at 1.Qg/ml, although the increases
IL-5 in isolated PBMC using ELISA8-10]. To compare detected following vaccination were much smaller, due
cytokine profiles in whole blood from vaccine recipients to to the dose dependent effect of the antigen in cytokine
the ones seen with isolated PBMC, we evaluated the effect ofinduction.
vaccination on ex-vivo cytokine productioninresponsetoL1l  As observed with whole blood, L1 VLPs had a back-
VLP by PBMC from 6 of the 20 vaccine recipients tested in ground stimulating effectonIL-2, IL-6, IL-8, IL-10, and IFN-
whole blood assays for those we had available cryopreservedy production in PBMC collected at month 0 (before initial
PBMCs Fig. 2. As observed in whole blood cultures immunization), particularly at a concentration of dg/mli
(Fig. 1), stimulation of PBMC from vaccine recipients (Fig.2A). Also, no significantincreasep  0.05) in cytokine
with L1 VLP (10pg/ml) induced significant increases in responses in unstimulated PBMC cultures or cultures stimu-
Thl (IL-2, IFN-y, TNF-o, GM-CSF) and Th2 (IL-4, IL-5, lated with the positive controls (PHA or Flu) were observed
IL-6, IL-10) type cytokines §< 0.05) Fig. 2A). In contrast during the course of the stud¥ij. 2B and C).
to results from the whole blood assay, no increases were Cultures stimulated with Baculovirus lysate, as control for
found in IL-18 or IL-8 production to the vaccine in PBMC the production system ofthe L1 VLPs, showed no statistically
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Fig. 3. Comparison between cytokine responses to L1 VLP testedua/thf) (A) or 1.g/ml (B), PHA (C) and media control (D) at months 2 and 7 following
vaccination in whole blood (filled bars) and matched isolated PBMC (hatched bars). PBMC and whole blood cultures from six vaccine recipientdatece stim

as indicated in Sectiok Supernatants were collected and tested using multiplex cytokine kits. Results were expressed as median fold increase levels produced
at month 2 or month 7 over the levels produced before vaccination (moth 0,
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significant increases after vaccination, except for IL-2 and cells, or granulocytes by the L1 VLP seen in in vitro assays
IL-4 production Prreng<0.05), but the increases seen for [26,28] Other subunit vaccines have been demonstrated to
these cytokines tended to be lower than the increases seen imduce inflammatory cytokines. Bordetella pertussis toxin in-
L1 VLP stimulated culturesHig. 2A and C). This reactivity =~ duces release of IL-1, IL-6, TNE; [31] and foot and mouth
may indicate immune responses to antigens of the system ofdisease vaccine has been reported to activate IL-6 and IL-8
production of L1 VLP vaccine preparations or responses to production[32]. In addition, the increase of innate immune
cross reactive antigens. responses to L1 VLP in vitro after vaccination may be a re-
A direct comparison between results obtained with PBMC sult of interactions between activated T cells and antigen-
and matched whole blood cultures, expressed in median foldpresenting cells or granulocytes through soluble mediators
increase over month 0 levels, is shownFiy. 3. While in- and costimulatory signals such as CD40L and C[383-35]
creases ovex0) were seen for Thl and Th2 cytokines using Although both assays detect increases in Thl and Th2 type
both whole blood and PBMC assays, relative increases werecytokines after vaccination, whole blood assays allowed iden-
higher for PBMC compared to whole blood for IL-4 (5.7- tification of vaccination-induced increases in cytokines not
and 11.8-fold versus 2.7- and 2.6-fold, at months 2 and 7, re- detectable in PBMC (IL-@, IL-8) or detectable at lower rel-
spectively) and IL-5 (1.5-and 4.0-fold versus 1.2-fold at both ative level (IL-2 and IL-6). This was in some cases due to the
time points, respectively). Conversely, relative increases werefact that VLPs induced higher level of cytokines in PBMC
higher for whole blood compared to PBMC for IL-2 (50.7- than in WB prior to vaccination. The induction of cytokines
and 39.8-fold versus 44.5- and 4.8-fold, at months 2 and 7 by VLPs seen prior to vaccination could not be explained
respectively), IL-6 (46.3 and 29.2-fold versus 5.2 and 3.8- by seropositivity at enrolment, since only one of the 20 vac-
fold, respectively), IL-B (5.7- and 6.5-fold versus 1.0-fold  cine recipients were seropositive prior to vaccination. How-
at both time points, respectively), and IL-8 (11.5- and 11.4- ever, this observation does not exclude the possibility that
fold versus 1.3- and 1.2-fold at both time points in PBMC the responses detected at enrolment could be due to previous
and whole blood, respectively). exposures to HPV. Serology measurements may underesti-
mate exposure to HPV due to low seroconversion and wan-
ing seropositivity over time. Alternatively, the responses to
4. Discussion VLP seen prior to vaccination could be due to the fact that
L1 VLPs are highly immunogenic and can activate produc-
In this study, we have demonstrated that a recall responsetion of multiple cytokines in a memory independent fashion
to L1 VLP vaccine results in an overall increase in cytokine [29,30]
production, including adaptive and innate responses. This The difference in results obtained with whole blood or
broad-spectrum increase in cytokine production was seen usPBMC might also be explained by the different composition
ing an ex-vivo whole blood assay. Whole blood multiplex in leukocyte subsets in whole blood versus ficoll-isolated
cytokine assays distinguished clearly between placebo andPBMC. Whole blood contains much higher levels of gran-
vaccine recipients and between pre- and post-vaccinationulocytes (usually higher than 50%) than gradient-isolated
samples among vaccinees, demonstrating its use in moni-mononuclear cells (which usually contain less than 10% gran-
toring vaccine trials. Interestingly, some differences between ulocytes). Ficoll-isolated PBMC are enriched in lympho-
PBMC and whole blood assays were observed, with higher cytes when compared to whole blood (approximately >70
levels of induction for most cytokines found in whole blood. versus<40%, respectively). Neither the whole blood or the
The lack of correlation seen between the various cytokines PBMC assays reveal the phenotypic features of the respond-
and L1 VLP antibodies measured suggest heterogeneity ining cell and the cytokines measured are potentially produced
the immune response to HPV vaccination between individu- by multiple cell types. Collection of stimulated supernatants
als, despite the fact thatimmunization results in the uniformly in whole blood cultures (24 h cultures) and isolated mononu-
strong induction of antibody titef§]. Whether these differ-  clear cells (72 h) was done at different time points. Activation
ences in immune response to vaccination will correlate with of leukocytes in whole blood and isolated PBMC may follow
duration of protection afforded by HPV vaccination remains different kinetics[36]. Due to the limited sample availabil-
to be determined. ity, supernatants were collected at a single time point that
This is the first published report to utilize multiplex tech- was previously determined to allow detection of most of the
nology for evaluation of cytokine profiles in a vaccine study cytokines under the different conditions tested.
using anin vitro whole blood assay. Also, thisisthe firststudy  Increases in Thl and Th2 type cell cytokines (IL-2,
to our knowledge to report increases in innate/inflammatory IFN-vy, IL-5, IL-10) have been reported to occur following
cytokines in the course of mounting a recall response to avaccination with L1 VLP vaccine$8—10]. The increases
prophylactic antiviral vaccine, illustrating the potential cross in the production of T cell cytokines (IFN; IL-2, IL-4,
talk between innate and adaptive arms of the immune sys-IL-10) probably correspond to the restimulation of memory
tem[29,30] The increased production of inflammatory cy- responses to VLP because only VLP stimulated cultures
tokinesinresponseto L1 VLP is consistentwith the activation from blood donors that had been vaccinated exhibited
of antigen-presenting cells, such as monocytes and dendriticsignificant increases in those cytokines.
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In conclusion, the results presented here indicate that (1)
cellular immune responses to HPV-16 L1 VLP vaccination
are broad and include up-regulation of both the adaptive and
innate arms of the immune system, (2) whole blood assays
can clearly distinguish between unvaccinated and vaccinate
individuals, (3) differences exist in the response profile ob-
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[10] Emeny RT, Wheeler CM, Jansen KU, Hunt WC, Fu TM, Smith JF,
et al. Priming of human papillomavirus type 11-specific humoral and
cellular immune responses in college-aged women with a virus-like
particle vaccine. J Virol 2002;76(15):7832—42.

11] Koutsky LA, Ault KA, Wheeler CM, Brown DR, Barr E, Alvarez
FB, et al. A controlled trial of a human papillomavirus type 16
vaccine. N Engl J Med 2002;347(21):1645-51.

served whenwhole blood and PBMC are used, and (4) despitd12] Schiuep M, van Melle G, Henry H, Stadler C, Roth-Wicky B,

the strong antibody induction invariantly observed following
vaccination, the underlying cellular immune response varies
considerably between individuals.
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